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abry disease (MIM 301500) is an inborn error of me-

tabolism characterized by a deficiency in the activity

of the lysosomal enzyme a-galactosidase A («-Gal A),
an enzyme involved in the catabolism of glycosphingolipids
(Figure). The deficiency leads to progressive accumulation
of mainly globotriaosylceramide (GL-3 or Gb3) and, to a lesser
extent, of galabiosylceramide, particularly in lysosomes of vas-
cular endothelial cells, renal cells, neural cells, and cardiomyo-
cytes.' Gradually, tissue and organ damage develops and, with
age, organ functions will deteriorate, leading to premature
mortality. Men with classic Fabry disease lack a-galactosidase
A activity or have virtually undetectable levels, causing onset
of symptoms in childhood or adolescence and, in adulthood,
renal, cardiac, and severe cerebrovascular complications.

The inheritance pattern is X-linked, but current data con-
firm that female heterozygotes may become as severely af-
fected as males, although generally at a later age.™* Atypical
manifestations may occur in males (atypical variants), with
manifestations more or less confined to 1 organ system
(kidneys or heart) and later onset."”

Reported estimates of the incidence of Fabry disease range
from 1 in 40 000 males’ to 1 in 117 000 in the general popu-
lation.® Specific incidence data for the Brazilian population
are not available, but we expect the incidence not to be differ-
ent from these reported estimates, given the pan-ethnic
distribution of this disorder.

Historical Background

In 1898, independent from each other, 2 dermatologists (Wil-
liam Anderson in England, and Johannes Fabry in Germany)
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first reported on patients with “angiokeratoma corporis diffu-
sum.””® In 1947, the observation of abnormal vacuoles in
blood vessels throughout the body at post mortem examina-
tion in 2 patients who had died from renal insufficiency led to
the recognition of this disease being a generalized storage dis-
order.” The fatty nature of the stored material was proven,'’
and, in 1953, the first living patient was diagnosed by demon-
stration of dermal vascular lipid deposits.'" Fabry disease was
classified as a sphingolipidosis in 1963.'* Subsequently, the
inborn lysosomal nature of the disease was recognized,"
and a-Gal A was identified as the deficient enzyme in Fabry
disease.'® In the 1970s, the first trials that focused on the re-
placement of the deficient enzyme were conducted ' and,
after decades of dedicated research, recombinant production
techniques'® allowed production of human «a-Gal A in a Chi-
nese hamster ovary host cell line in the 1990s.

Genetics, Inheritance, and Genetic
Counseling

After the localization of the GLA gene to the Xq22.1 region'’
and identification of the first GLA mutation in 1989,% im-
provements in methods of analysis have resulted in identifica-
tion of a wide variety of molecular alterations. To date, more
than 400 mutations have been reported in the Human Gene
Mutation Database (www.uwcm.ac.uk/uwem/mg/hgmdo.
html), including mutations in codifier regions, defects in
RNA processing, gene rearrangements, small insertions and
deletions, and complex mutations. The majority of mutations
are private mutations, in other words, family-specific
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Figure. Role of a-galactosidase A in GL-3 catabolism.

mutations, whereas those repeating in more than 1 family
tend to occur in CpG dinucleotides.”"** Absence of a family
history does not rule out Fabry disease as de novo mutations
may occur.' Characterization of mutations in Fabry disease is
vital because it allows calculation of frequencies and determi-
nation of the nature of mutations and improves knowledge
about genotype-phenotype correlations.

Inheritance of Fabry disease follows an X-linked pattern.
The vast majority of males carrying the hemizygous gene
present the classic form of the disease. Females, however,
are also at risk of developing disease manifestations (see
also “Clinical Manifestations in Female Heterozygotes”).
The diverse expression found in heterozygote women pre-
sumably results from skewing of X-chromosome inactiva-
tion. X-chromosome inactivation takes place in every cell
at the start of embryogenesis.”*> Heterozygotes for enzy-
matic deficiencies linked to the X chromosome present 2
lineages of cells; 1 with the mutant gene and 1 cell line
with normal cellular enzymatic activity. The ratio of af-
fected and nonaffected cells in bodily tissue mosaics is close
to 50:50, but, due to the random choice, the proportions
of these cell types may vary considerably between females
as well as between tissues.

Genetic counseling is essential after the diagnosis has been
established. The patients and families should be provided
with information about the course of the disease and
therapeutic options. Parents should be informed about the
likelihood that siblings, relatives, and future children will
inherit the disease. Affected mothers have a 50% chance of
passing the defective gene on to all offspring whether boys
or girls. Sons who inherit the gene will be affected; her daugh-
ters may display a spectrum of clinical involvement. Fathers
with Fabry disease pass on the defective gene to none of their
sons and all of their daughters. Previously, unrecognized
family members, males and females, can be identified at an
early stage of the disease via screening for the mutation
among family members.>* Currently, prenatal diagnosis can
be established in boys via a-Gal A deficiency testing using
chorionic villi or cultured amniocytes. If the family mutation
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is known, prenatal diagnosis may be obtained by molecular
analysis, both in boys and girls.>

Pathology

Fabry disease is primarily a small-vessel disease, and lesions are
present in virtually all organs and tissues including the blood
vessels, kidneys, heart, central nervous system, gastrointestinal
tract, spleen, lung, lymph nodes, skin, and sweat glands.!
Accumulation of GL-3 in vascular endothelial cells represents
the initial insult and the cascade of secondary responses result
in ischemic tissue damage due to a combination of luminal
encroachment and occlusion of vessels, derailment of the
balance between vasodilatative and vasoconstrictive mecha-
nisms, and thrombotic and thromboembolic events.?*”

The early symptoms mostly result from loss of function of
neuronal cells in the somatosensory and autonomous ner-
vous systems due to GL-3 accumulation in the vasa vasorum
of small myelinated and unmyelinated fibers.”*>° Endothelial
GL-3 storage can be found in perineural and endoneural
vessels, Schwann cells and posterior root ganglions, and in ce-
rebral and cerebellar vessels, particularly those of the carotid-
basilar system.">"*> Abnormal pain thresholds result from
GL-3 deposition in dorsal root ganglia.”®** The origin of au-
ditory alterations is most likely multifactorial, for example,
GL-3 accumulation within cochlear nerve cells and smooth
muscle cells and atrophy of the stria and spiral ligament.

A skin biopsy specimen may show large electrodense lipid
deposits in endothelial, pericyte, and fibroblast cells, in erec-
tor muscles, in secretory, canalicular, and myoepithelial cells
of the eccrine glands, and in the external sheath of the pilary
follicles causing structural deformities in the hair shaft.’*?>
Despite the absence of angiokeratoma, cutaneous biopsy is
likely to reveal dermal deposits.

Deposits are seen in the vascular endothelium of mesen-
teric blood vessels and in small unmyelinated neurons and
ganglion cells, particularly in the Meissner plexus.’

Renal biopsy specimens show pathognomic structural
alterations with deposition in podocytes, mesangial cells, glo-
merular endothelial cells, Bowman membrane, distal tubular
cells, arterial and arteriolar smooth muscle cells, vascular
endothelial cells, and interstitial cells.”””®

A variety of cardiac lesions may be demonstrated including
GL-3 accumulations in vascular endothelial cells, cardiomyo-
cytes, smooth muscle cells, conduction system cells, and
valvular fibrocytes.”*’

Brain alterations result from lipid deposits that can be
found in the sympathetic ganglions of the autonomic ner-
vous system, brainstem, hypothalamus, amygdala, hippo-
campus, and in the entorhinal cortex. 12

In pulmonary lesions, deposits are found in arterial vessels,
pneumocytes and epithelial cells of the bronchial membrane.*

Autopsy findings have demonstrated lipid deposition in
the interstitium of the testicular parenchyma (Leydig cells),
peritubular myoblasts, and deposits in vascular endothelium
and perivascular cells.' Similar deposits were found in epithe-
lial cells of the efferent and epididymis ducts.**
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Clinical Manifestations

Neurological Manifestations

Patients with Fabry disease present peripheral and central
manifestations. Neuropathic pain is often the first manifesta-
tion of loss of small, unmyelinated nerve fiber function and
can present in 2 forms.”>*® Acroparesthesia are described as
chronic “burning” on soles of the feet and hand palms and ep-
isodes of intense neuropathic pain originating in the hands
and feet with proximal radiation. Episodes may last for days
or weeks and are generally accompanied by fever and elevated
erythrocyte sedimentation rate. These episodes (“Fabry
crises”) may be triggered by physical activity, heat, stress, or
temperature changes, as patients are not able to lower their
body temperature by sweating. Unfortunately, acroparesthe-
sias are often misdiagnosed as growing pains or malingering.
Recurrence of pain coupled with absence of a diagnosis
can lead to patients becoming depressed in adulthood.*

Peripheral neuropathy also manifests as autonomic dys-
function causing hypohidrosis or anhidrosis (inability to
sweat), orthostatic hypotension, and bowel disturbances
(diarrhea, postprandial pain/bloating, nausea, vomiting).*°
Sensory losses, especially loss of thermal sensation, due to
autonomic dysfunction and loss of small peripheral sensory
neurons, are particularly prominent.*>°

The major pathology in the central nervous system includes
ischemic and/or hemorrhagic cerebrovascular accidents, tran-
sient ischemic attacks, and white matter lesions.*”**® Hemipare-
sis, paraparesis or monoparesis, hyperflexia, ataxia, vertigo or
dizziness, and complications secondary to vascular alterations
(eg, diplopia, dysarthria, nystagmus, hemiataxia, and memory
deficits) may develop. Cranial nerve damage may cause
ophthalmoplegia, neuralgia of the trigeminus, peripheral facial
paralysis, neurosensorial deafness, dysphagia, and cervical
plegia.*>*

Depending on the location of the central nervous system
lesions, other neurologic syndromes may present including
frontal lobe syndrome with disturbances in behavior and/
or memory and movement abnormalities.

Cerebral involvement can be detected by MRI, as multiple
lesions are located in the deep white matter (a particularly
vulnerable area because of the blood supply via long penetrat-
ing arteries) and in the subcortical grey matter of both hemi-
spheres.*””! The posterior cerebral artery territory seems
susceptible to vascular lesions and perfusion disturbances.*®

Patients with Fabry disease are at risk of developing audi-
tory-vestibular abnormalities. Progressive hearing loss of
sensorineural origin, particularly for high-frequency sounds,
sudden deafness (due to cochlear vascular occlusion), tinni-
tus aurium, and vertigo are common.*”*>>> A survey in
a large cohort of patients revealed auditory symptoms in
56% of the patients, but clinically relevant hearing impair-
ment was detected in only 16%.>*

Dermatologic Manifestations
Cutaneous lesion is a common feature and may first be no-
ticed in childhood (boys) or adolescence (girls) usually in
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the area between the umbilicus and the knees.”>”® With
age, the reddish purple, nonblanching vascular lesions pro-
gressively increase in number and size. Hair may be become
thicker with a coarse texture.'

Although angiokeratomas are often regarded as being
synonymous with Fabry disease, they may also be present
in patients with other enzymatic deficiencies, for example,
in patients with fucosidosis.””

Ophthalmologic Manifestations

Generally, ocular lesions do not affect vision.”® Corneal
opacities are the most characteristic ophthalmologic feature
occurring in virtually all males and in the majority of hetero-
zygous females.”>*® Superficial diffuse corneal haziness grad-
ually evolves into spiral streaks in the corneal epithelium
(“cornea verticillata”) detectable upon slit-lamp examina-
tion. Corneal verticillata is not pathognomonic for Fabry dis-
ease because it may also be encountered in patients using
phenothiazine, chloroquine, indomethacin, or amiodar-
one."®° The opacities are believed to be caused by accumula-
tion of glycosphingolipids at the level of the Bowman layer
and anterior stroma.

Narrowing of arterioles, dilation of veins, exaggerated
tortuosity of retinal and conjunctival vessels, and capsular
deposits in the anterior or posterior lens may occur, particu-
larly in males.”>®"**Central retinal artery occlusion *>** and
ischemic optic neuropathy®* are rare.

Renal Manifestations

Renal involvement may occur as early as in childhood or ad-
olescence, and first signs include microalbuminuria, impair-
ment in urinary concentration ability, and lipiduria.’”*
Polarization microscopy of urinary sediment may show the
characteristic birefringent lipid globules (“Maltese crosses”)
and desquamated tubular cells." Similarly to that seen in di-
abetic nephropathy, glomerular hyperfiltration may occur at
an early stage.”” Rapid onset of kidney failure occurs if a crit-
ical number of nephrons has been damaged.”> Progressive
decline in renal function generally becomes apparent in the
3rd or 4th decade of life and results from damage secondary
to GL-3 accumulation in vascular endothelium and renal
cells (eg, interstitial scarring, glomerulosclerosis, tubular at-
rophy)."*® Males with the classic form of Fabry disease prog-
ress to end-stage renal disease and, if untreated, the average
life expectancy is severely reduced to approximately 50
years.®® Rates of decline of estimated glomerular filtration
rate (eGFR) up to —12.2 mL/min/y have been found in
patients with chronic kidney disease (CKD) stage 3 who
reached end-stage renal disease, versus overall annual rates
of —4 mL observed in other nephropathies.®’

A comprehensive analysis of renal data from 1262 un-
treated patients (54% females, 46% males) enrolled in the
Fabry Registry confirmed that Fabry nephropathy is more
prevalent and heterogeneous than previously thought, both
in males and females.® A significant proportion of females
had progressed to moderate to severe kidney involvement
occurring at the same mean age as in males.

Guidelines to Diagnosis and Monitoring of Fabry Disease and Review of Treatment Experiences S21
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Albuminuria, proteinuria, and chronic kidney disease are
common elements of a progressive Fabry nephropathy.®® In
patients over 40 years of age, 45% of males and 20% of fe-
males had an eGFR <60 mL/min/1.73 m”. Overt proteinuria
(>300 mg/24 h) was found in 43% of males and 26% of fe-
males with CKD stage 1. Both in males and females, the prev-
alence and magnitude of proteinuria was higher in those in
more advanced stages of kidney disease. Of CKD stage 1-2
patients without overt proteinuria, 55% of males and 35%
of females had albuminuria >30 mg/24 h. Thus, albuminuria
may be an even more sensitive early marker of progression of
renal disease than proteinuria. Proteinuria values were signif-
icantly correlated with systolic blood pressure in both sexes.

Renal outcome in patients receiving enzyme replacement
therapy (ERT) appears to be related to the degree of intersti-
tial fibrosis and glomerular scarring. Patients who demon-
strated renal progression during the Phase 3 extension
clinical trial with agalsidase-( shared a common clinical pro-
file, including age >40 years, significant baseline proteinuria
(>2 g/24 h), and >50% glomerular sclerosis at pretreatment.”’

Cardiovascular Manifestations

With age, cardiovascular anomalies increase in severity, more
often and earlier in males than in females,”® and become a key
cause of morbidity.”!

The earliest findings include sinus node dysfunction and
conduction system abnormalities. Shortening of the P-R inter-
val is seen in young patients, and later, atrio-ventricular blocks
and sinus node dysfunction may develop. Arrhythmia (eg,
bradycardia, ventricular tachycardia) can result in sudden
death.*®”* Late signs and symptoms include arterial hyperten-
sion due to renal insufficiency and vascular Fabry pathology,
and angina pectoris. Myocardial infarction resulting from in-
volvement of the coronary vascular bed, predominantly of the
small penetrating vessels, congestive heart failure, and heart
failure, are additional serious complications.*

Concentric left ventricular hypertrophy (LVH) with dia-
stolic dysfunction is a common feature, more so in males
than in females. Studies have shown that 3% to 12% of pa-
tients with unexplained LVH actually had Fabry disease.”>”*
Although global systolic dysfunction is rare, regional systolic
abnormalities can be detected using modalities such as strain
rate imaging.”>’® Of the valvulopathies, mitral insufficiency
occurs most frequently.

Results from Fabry Registry analyses indicate that left
ventricular mean wall thickness increases progressively with
decreasing renal function in both male and female patients.”
In addition, interstitial myocardial fibrosis appears to be
correlated with progression of renal insufficiency.”””® Findings
from contrast MRI studies and strain rate Doppler studies in-
deed show that myocardial fibrosis (gadolinium late enhance-
ment in the basal inferolateral LV wall) is a determining factor
of cardiac dysfunction in patients with Fabry disease.”*”®

Lymphedema, particularly of the lower extremities, may
occur in classically affected patients and presumably reflects
derailment of the balance between vasodilatative and vaso-
constrictive mechanisms.*’
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Pulmonary Involvement

Pulmonary complications (eg, chronic cough, dyspnea with
exercise, wheezing) may present in adulthood.*>®' Obstruc-
tive disease is presumably caused by GL-3 accumulation in
epithelial and smooth muscle cells hampering air flow. Exer-
cise intolerance is attributed to hypohidrosis, pulmonary dis-
ease, or cardiomyopathy and may begin in childhood.®*
Reduction in spirometric parameters corresponding to
mild to severe airway obstruction has been observed in
26% of females and 61% of male patients.*

Gastrointestinal Involvement

Gastrointestinal symptoms, partly due to gastric emptying
difficulties, lead to significant morbidity and are commonly
present in childhood, both in boys and girls, with abdominal
pain and diarrhea being most frequent.”>’*** Early satiety,
postprandial bloating, nausea, and vomiting also occur
frequently. Symptoms worsen with advancing age. Acute
abdominal pain can mimic appendicitis or renal colic.'

Rheumatologic and Vascular Manifestations
Vasospastic disturbances characterized by episodes of
changes in color of fingers and toes (Raynaud phenomenon),
accompanied by paresthesias and pain triggered by tempera-
ture changes do occur as early as in childhood.”

Joint pain accompanied by fever may occur in hands and
feet (interphalangeal, metacarpophalangeal, metatarsal
joints)" and is frequently misdiagnosed as rheumatic fever,
or rheumatoid or juvenile arthritis.®” Patients may also report
pain in the elbows, shoulders, or knees. The underlying cause
may be ischemia due to GL-3 deposition in the vascular or
neuropathic endothelium at nerve endings of joint structures

Muscle pain may contribute to the limitation in exercise
tolerance, together with hypohidrosis, pulmonary disease,
and cardiomyopathy.®*

Morphological characteristics of the face (eg, periorbital
fullness, bushy eyebrows, recessed forehead, shallow midface,
coarse features, finger deformities) may be found in young
males.*>®’

Avascular necrosis of the femur head and talus may occur,
along with osteolytic lesions to the femur head.*® Osteopenia
has been reported in a major fraction of patients,**° and
growth retardation and delayed puberty are not uncommon.'

Patients with Fabry disease are at risk of developing throm-
botic and thromboembolic complications due to the general-
ized prothrombotic or inflammatory state and endothelial
dysfunction.**?*’

Psychosocial Aspects

The pain in Fabry disease leads to fundamental changes in the
quality of life of both the patient and family. Perception of
painful stimuli can be modified quantitatively and qualita-
tively depending on a series of factors relating to the individ-
ual or the environment. In the case of acute pain, the
perception acts as a signal that induces the person to adopt
a behavior which aims at warding off, reducing or
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eliminating the cause of the pain. These reactions are signif-
icantly influenced by past experiences, sociocultural context,
amid which lesions and pain occur, and by the psychological
state.

Chronic pain and subsequent alterations in behavior of
sufferers can be influenced by environmental factors. When
the environment positively reinforces the painful behavior,
this tends to persist even in the absence of stimuli.

Shortly after diagnosis and genetic counseling, the patient
may express shock, anger, denial, feeling of being cheated, de-
pression, and or acceptance of the new situation; therefore
the patient should be constantly monitored as patients are
prone to become chronically depressed.*>*'*?

Clinical Manifestations in Female
Heterozygotes

The conception of the expression of Fabry disease in females
has drastically changed over the last decade. Studies have
clearly shown that the disease is not limited to manifestations
in males only.”™

Disease expression in females is variable, and clinical phe-
notypes range from asymptomatic patients to women with
disease manifestations as severe as observed in classically
affected males. Clinical variability does not apply merely to
severity of symptoms but also to the range of tissues affected
and onset of symptomatology. Onset of first symptoms and
adulthood complications generally occur at a later age as
compared with males.*™

The main first manifestations described in obligate hetero-
zygous women include acroparesthesia, gastroenterological
disturbances, hypohidrosis, corneal opacities, and, slightly
less frequent, angiokeratoma, mainly on the breasts, lips,
and trunk. Disabling and life-threatening renal, cardiac,
and cerebrovascular manifestations also occur in heterozy-
gous females.”**® For females with renal progression, a me-
dian age at occurrence of 38 years has been reported.”> Onset
of cerebrovascular and cardiovascular events occurred at
a median age of 43 and 47 vyears, respectively, thus later
than in males (age, 38 and 41 years, respectively).

Clinical Manifestations in Childhood

GL-3 deposits have been found in placental tissue, which sug-
gests that extensive storage is already present at birth.”*"
However, children typically are not symptomatic in the first
years of life. Patients usually present in childhood or adoles-
cence with symptoms reflecting progressive loss of function
of small, unmyelinated nerve fibers of the somatosensory
and autonomous nervous systems.28 First symptoms may in-
clude chronic neuropathic pain and/or acute pain attacks;
lack of or decreased sweating; tinnitus; heat, cold, and exer-
cise intolerance; gastrointestinal disturbances (eg, diarrhea,
abdominal discomfort, nausea, vomiting); and difficulty
gaining weight. Furthermore, skin lesions (angiokeratomas),
corneal opacities with unaffected vision, and discrete pro-
teinuria (in male adolescents), are among the first manifesta-
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tions.>*>>>® These symptoms generally cause significant
morbidity despite the absence of major organ dysfunction
and are likely to significantly diminish the patient’s quality
of life and performance. In contrast to other lysosomal dis-
ease, Fabry disease is not associated with mental retardation
or other evident physical alterations.

Onset of symptoms has been reported to occur at a mean
age of 9 years in boys and 13 years in girls.”>"°

Fabry Disease Characteristics in the
Brazilian Patient Cohort

Our analyses (June 2008, unpublished) of natural history
data from Brazilian patients with Fabry enrolled in the Fabry
Registry, a voluntary observational database, confirm that
symptoms generally present at pediatric age in both males
and females.

Among the 53 male (median age, 38 years) and 56 female
(age, 34.5) patients, the median age of symptom onset was 9
and 11 years, respectively. Symptoms at presentation most
often included neurologic pain (83% of males, 64% of fe-
males), angiokeratoma (17%, 4%), gastroenterologic distur-
bance (4%, 2%), eye abnormality (0%, 7%), and renal (9%,
2%), cardiovascular (4%, 4%), and cerebrovascular abnor-
malities (2%, 4%). The most common first symptoms were
reported at the following median ages: neurologic pain at 9
and 11 years for males and females, respectively, angiokera-
toma at 9 and 19.5 years, and renal abnormalities at 12 and
14 years, respectively.

The ages at first major clinical renal (dialysis, transplanta-
tion), cardiovascular (significant cardiac procedure, arrhyth-
mia, angina pectoris, congestive heart failure, signs of left
ventricular hypertrophy on ECG) or cerebrovascular events
(transient ischemic attack, stroke) were 40 (n = 13) and 37
(n=1), 44.5 (n = 8) and 43 (n = 5), and 39.5 (n = 6) and
44.5 (n = 2) years for males and females, respectively. Al-
though fewer female patients with Fabry disease had major
clinical events, the ages at which clinical events occurred
appear to be quite similar in both sexes.

Diagnosis

Symptoms are usually present in childhood or adolescence
but, at onset, are usually subtle and resemble symptoms of
more common diseases. Many patients are initially misdiag-
nosed (Table I), and delays between onset and accurate diag-
nosis exceeding 10 years have been reported in both
sexes.”>® Also in the Brazilian cohort of patients, there
were significant delays in diagnosis. Although first symptoms
generally presented during childhood, diagnosis occurred at
a median age of 32.5 years in males and 27 years in females. If
a carefully taken medical history, physical examination, lab-
oratory tests, and imaging procedures trigger the suspicion of
Fabry disease, the diagnosis should be confirmed by analysis
of a-Gal A activity and, particularly in females, by molecular
analysis.
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Biochemical Diagnosis

The biochemical diagnosis of Fabry disease is established by
measuring a-Gal A. activity in plasma or leukocytes taken
from peripheral blood, cultured fibroblasts,”” or using sam-
ples extracted from filter paper blood spots.”®

Measurement of a-Gal Activity in Cultivated Fibro-
blasts, Plasma, or Leukocytes. In males, the measure-
ment of a-Gal A in cultivated fibroblasts, plasma, or
leukocytes in peripheral blood is the preferred method for
the biochemical diagnosis.

A 5-mL (for plasma) or 10-mL (for leukocytes) volume of
blood is collected in a syringe containing heparin or by using
a heparinized tube. Plasma is obtained by centrifuging the
sample at 2000 rpm for 10 min at 4°C, and leukocytes are
separated from the blood.”® This material can be stored at
—40°C until further analysis. The fibroblasts are cultured
from a skin biopsy generally obtained from the forearm by
an aseptic surgical technique.'®

Measurement of a-Gal A is performed as outlined by
Desnick et al.'°" Samples of cultivated fibroblasts, plasma,
or leukocytes are added to an incubation medium contain-
ing 4-Methylumbelliferyl §-b-glucopyranoside substrate
in citrate-phosphate 50 mM pH 4.8 buffer. This mixture
is incubated at 37°C for 2 hours in an agitated warm water
bath. Subsequently, the reaction is terminated by adding
glycine-NaOH 0.5 M, pH 10.3 buffer, and fluorescence is
measured by spectrofluorometry with a standard curve of

o B
Table I. Fabry disease: Common misdiagnoses
Medical specialty Misdiagnosis Fabry symptom/sign
Neurology Multiple sclerosis Stroke (MRI)
Chronic intermittent Pain, tingling in hands and
polyneuronopathy feet
Raynaud syndrome Pain and abnormal
thermal sensitivity in
extremities
Neurosis/malingering Unexplained acute pain
Rheumatology Rheumatoid or juvenile  Joint pain, increased
arthritis erythrocyte
sedimentation rate
Rheumatic fever Pain accompanied by
fever and increased
erythrocyte
sedimentation rate
Autoimmune disorder/  Angiokeratomas
lupus
Growing pains Unexplained pain in limbs
Nephrology (Glomerulo)nephritis Renal insufficiency
Cardiology Carditis Mitral murmur
Hypertrophic Hypertrophic
cardiomyopathy e.c.i. cardiomyopathy
Dermatology Petechiae Angiokeratoma
Internal Medicine/ Vasculitis Microvascular disease
Gastroenterology
Inflammatory bowel Diarrhea, abdominal
disease discomfort, nausea,
vomiting
Appendicitis Severe abdominal pain in
the right iliac fossa
Renal colic Severe abdominal pain
Hematology/oncology ~ Erythromelalgia Acute pain in extremities
M L
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4-methylumbelliferone (365-nm excitation and 450-nm
emission). For leukocytes and fibroblasts, the protein level
of the sample must be determined as the result is expressed
as nanomoles of hydrolyzed substrate per hour per milli-
gram of protein. If plasma is used, enzymatic activity is ex-
pressed as nanomoles of hydrolyzed substrate per hour per
milliliter of blood. Men with classic Fabry disease lack
a-Gal A activity or have virtually undetectable levels.
Female heterozygotes, however, even if they are symptom-
atic, can present values within the normal range. Molecular
analysis should be performed to establish the diagnosis
in these cases.'””

Measurement of a-Gal A Activity in Blood Spot Filter
Paper. This technique” is useful for screening of a large
numbers of patients in populations at high risk of having
the disease, including patients on chronic dialysis or patients
with unexplained left ventricular hypertrophy or early stroke.
The advantages of using this technique include that samples
can be easily obtained, stored, and conserved and can be sent
without the need for special packing (by regular postal service
for instance). In addition, samples can be processed very ef-
ficiently, and the method is less expensive and less tedious
than leukocyte analysis. However, to produce reliable and re-
producible data, care must be taken during the collection of
samples.

Blood spots should preferably be taken from a sample drawn
from the arm vein. Samples can only be taken from the heel in
children under 6 months of age. Upon impregnating the filter
paper, the spot should spread evenly filling the whole allocated
area. The paper must be dried at room temperature and may
only be stored in the refrigerator when completely dry.

The technique for measuring enzyme activity in blood
samples by spot filter paper was developed by Chamoles
et al,”® who modified the original analysis method for
a-Gal A.'%'%* paper discs measuring 3 mm across and cor-
responding to a total of 5.5 uL of blood are used. One disc is
placed in each test tube, together with 0.25 mol/L of N-acetyl-
p-galactosamine (for elution of the sample and inhibition of
galactosidase B) and 4-methylumbelliferyl 8-p-glucopyrano-
side substrate (5 mmol/L). After incubation at 37°C in an
agitated warm water bath for 20 hours, the reaction is inter-
rupted by the addition of ethylenediamine (0.1 mol/L) and
the enzyme activity is measured by quantifying the fluores-
cence of the 4-methylumbelliferone product (365-nm excita-
tion and 450-nm emission), based on a standard curve.
Enzymatic activity is expressed as micromoles of hydrolyzed
substrate per liter of blood per hour.

Good reproducibility can be achieved by using this tech-
nique, and results for male patients and healthy subjects do
not overlap.”® If abnormal results are obtained, subsequent
blood samples allowing separation of plasma and leukocytes,
or fibroblasts for cultures should be requested to confirm the
biochemical diagnosis and to perform molecular analysis.

GL-3 Levels. GL-3 levels can be assessed in blood and urine
samples by chromatography and quantified using high
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throughput high-performance liquid chromatography.'®
For both methods, GL-3 must be extracted from the biolog-
ical sample with a chloroform-methanol mixture. Results
from a recent study suggest that the levels of urinary GI-3
excretion in children and adults with Fabry disease are
directly related to the types of genetic mutations.'*

Molecular Diagnosis. Biochemical analyses can success-
fully identify the vast majority of affected males and heterozy-
gous females; females may have (near) normal «-Gal A
enzyme activity.”> Asymptomatic patients may be identified
through screening of the family of an affected individual.**
Identification of a specific point mutation in a patient’s family
members can be carried out by means of restriction enzymes,
by probes for specific allele synthetic oligonucleotides, or pref-
erably through DNA sequencing of the gene fragment present-
ing the alteration.'”® Advances in the development of rapid
DNA sequencing tests have dramatically improved the
efficiency of mutation identification.

Molecular Analysis. Genomic DNA must be extracted us-
ing techniques routinely used in Molecular Biology laborato-
ries, for example, the methodology reported by Miller et al
that uses lymphocytes from peripheral blood."”” Genomic
DNA may also be obtained from lymphocytes or tissue biop-
sies using commercially available kits and following the
recommended protocol in the manufacturer’s manual.

Once the DNA is available, polymerase chain reaction, as
well as sequencing can be performed using previously
described techniques.'**'*® Sequencing must cover all 7 exons
of the GAL gene, which are amplified by polymerase chain
reaction using primers (oligonucleotides) designed based on
the intronic regions flanking these exons.'™'*® The amplified
products are sequenced by dideoxyribonucleoside chain reac-
tion (solid-phase dideoxy chain sequencing), in which carbon
dideoxyribonucleoside triphosphates do not present hydroxyl
in the 3’ carbon; once incorporated, they prevent addition of
another nucleotide, thus terminating chain elongation.'” Au-
tomated sequencing has also been used, as well as a series of
other techniques capable of identifying molecular alterations,
such as single-strand conformational polymorphism analysis
(SSCP), and mismatch analysis by fluorescence, among others.

Detailed recommendations for the clinical evaluation and
monitoring of the disease status in pediatric and adult pa-
tients with Fabry disease (receiving ERT or treatment-naive)
are presented in Tables IT and III.

SUPPLEMENT

While taking the medical history, inquire about manifesta-
tions suggestive of neurologic symptoms (hemorrhagic cere-
brovascular accident; transient ischemic attack; memory loss;
headache; decreased ability to sweat; heat or cold intolerance;
chronic pain or recurrent episodes of pain requiring medica-
tion and frequency; abdominal pain or diarrhea and fre-
quency), arrhythmia, myocardial infarction, angina,
hypertension, and cardiac insufficiency. If patients report
symptoms, inquire if symptoms are stable, have improved,
or have worsened.

At physical examination, besides measurement of weight,
height, blood pressure, and assessment of systems, check
for presence or worsening of angiokeratomas.

The battery of tests includes assessment 24-hour microalbu-
minuria, proteinuria, and creatinine clearance. Renal biopsy
should be considered in those patients with microalbuminuria
to assess kidney involvement, which may provide information
on prognosis and response to treatment.

Hypertrophic myocardiopathy can be demonstrated non-
invasively by echocardiography. Assessments include inter-
ventricular septum and LV posterior wall thickness,
ventricular mass (LVH if >130 g/m* in men and >110 g/m*
in women), LV systolic and diastolic functions, degree and
distribution of hypertrophy, and mitral valve function. Radi-
ography of the thorax generally does not reveal specific find-
ings. Arrhythmias can be diagnosed by 24-hour Holter
monitoring. Nuclear magnetic resonance imaging enables
detection of focal myocardial fibrosis and identification
and quantification of ventricle hypertrophy. Left ventricular
and end-diastolic pressures and quantification of the degree
of mitral regurgitation can be assessed by hemodynamic
studies. New cardiac imaging techniques (tissue Doppler
imaging) appear to be more sensitive than conventional
echocardiography and can identify LV radial and longitudi-
nal dysfunction before LVH develops.

Routine motor and nerve conduction studies typically
measure large fiber function and are generally not useful
as large myelinated nerve fibers have minimal lipid
storage.”® Electroneuromyography may detect alterations
compatible with diffuse axonal lesion. Quantitative sensory
tests for warm, cold, and heat pain perception thresholds
are usually abnormal. In addition, tests of vibratory percep-
tion, sudomotor and sweat gland function, and limb and
superficial skin blood flow and vasoreactivity can effectively
measure the extent of neurological dysfunction.*”*%!'?
Sural nerve biopsy may demonstrate lipid deposits and

Table II. Clinical evaluation and monitoring of pediatric patients with Fabry disease

Assessment

Recommended schedule

Clinical assessment
Neurologic examination
Blood chemistry, cholesterol (total, LDL, HDL), triglycerides, serum creatinine
24-hour microalbuminuria, proteinuria
Creatinine clearance
Echocardiogram, electrocardiogram
Magnetic nuclear resonance of kidneys, heart, brain
Pain and quality of life questionnaire
Y

At diagnosis, annually through medical history and full physical examination

At diagnosis, annually

At diagnosis, annually

At diagnosis, annually

At diagnosis, annually for adolescents

Every 2 years for adolescents

At baseline, and subsequently to monitor disease progression and treatment efficacy
At diagnosis, annually

J
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Table III. Clinical evaluation and monitoring of adult

patients with Fabry disease

Recommended schedule

Not on enzyme On enzyme replacement

Assessment

replacement therapy

therapy

Clinical assessment

Neurologic examination

Brain tomography or
magnetic nuclear
resonance

Electrocardiogram,
echocardiogram

Ophthalmologic
assessment

Pulmonary tests

At diagnosis, annually
with medical history
and full physical
examination

At diagnosis, annually

(including screening for

clinical signs of
depression)
At diagnosis, annually

At diagnosis, annually

At diagnosis, annually
(including slit lamp
exam)

At diagnosis, annually
(spirometry)

6-monthly with medical
history and full physical

examination

6-monthly (including

screening for clinical

signs of depression)

Annually

Annually

Annually (including slit
lamp exam)

Annually (spirometry)

Audiometry At diagnosis, annually ~ Annually
Blood chemistry, At diagnosis, annually ~ 6-monthly
cholesterol (total, LDL,
HDL), triglycerides,
serum creatinine
24-hour At diagnosis, annually ~ 6-monthly
microalbuminuria,
proteinuria
Creatinine clearance At diagnosis, annually ~ 6-monthly
Plasma GL-3 At baseline, annually 6-monthly
Pain and quality of life At diagnosis, annually ~ 6-monthly
questionnaire
\ g

significant reduction in myelinated and unmyelinated small
fibers.”

Auditory-vestibular involvement is often diagnosed late;
therefore, it is recommended to perform audiometric tests,
regardless of the clinical complaints, at diagnosis.

Regarding the gastrointestinal tract, radiological tests may
reveal signs or delayed gastric emptying, loss of the gastro-
colic reflex, thickening of the intestinal walls, dilatation,
diverticula, reduced peristaltic activity, constipation, and
smoothing or loss of colonic haustration.®*'"*

Pulmonary tests may include spirometry function testing
(reduced forced expiratory volume in the first second,
increased RV),‘B’81 cardiopulmonary exercise testing,82 and
radiological studies (hyperinflation).*»®' Cytologic study of
sputum obtained via bronchial washing (typical Fabry lamel-
lar inclusions),''* and histopathologic study of bronchial
biopsy specimen (lipid inclusions in epithelial cells),'' are
rarely required.

Treatment of Patients with Fabry Disease

Before the availability of ERT, treatment for Fabry disease
consisted mainly of symptomatic care and nonspecific cor-
rective measures to treat complications, for example, analge-
sia, stroke prophylaxis, cardiac interventions including
pacemaker, dialysis, and kidney transplantation. These alter-
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natives can prolong life in patients with Fabry disease. How-
ever, their efficiency is limited because they do not treat the
enzyme deficiency (and consequent substrate storage), which
is the underlying cause of the disease.

Control of neuropathic pain may be established by
administration of phenytoin, carbamazepine, gabapentin,
amitriptyline, or nortriptiline.”" If required, nonhormonal
anti-inflammatory drugs or opiate derivatives may be pre-
scribed. Episodes of “Fabry crises” may be prevented by
avoiding exposure to extreme temperature changes, particu-
larly during physical exercise, and by keeping the patient well
hydrated. Lubricant eye drops can be prescribed if tear pro-
duction is deficient due to hypohidrosis. Cryotherapy may
be considered as symptomatic treatment of the angiokerato-
mas. Pulmonary therapeutic care should aim at improving
obstructive disease, and smoking should be discouraged.
Symptoms of delayed gastric emptying may be treated with
metoclopromide.'"" Thrombotic and thromboembolic com-
plications may be prevented by administration of low doses
of acetylsalicylic acid.''> Patients with inadequately con-
trolled blood pressure and overt proteinuria should be
treated with antiproteinuric agents to control their blood
pressure and 24-hour urine protein excretion''* as protein-
uria values have been found to be significantly correlated
with systolic blood pressure in both sexes.*®

As patients are at risk for chronic depression, refer-
ral to a psychiatrist for better assessment of mental health
may be required. Psychological follow-up can provide sup-
portive aid for expression of emotions and feelings involved
in the acceptance process and adherence to treatment. Ob-
servation of signs and symptoms pertinent to the disease
along with the extent to which these affect quality of life
can lead to greater information and allow interventions
that foster-well being, encouraging individuals to recognize
their potential.

45,91-93

Agalsidase -Enzyme Replacement Therapy

Agalsidase $-enzyme replacement therapy (Fabrazyme; Gen-
zyme Corporation, Cambridge, Massachusetts)''>'"® is pro-
duced using recombinant DNA technology and is indicated
for long-term enzyme replacement therapy for patients
with confirmed diagnosis of Fabry disease. Currently, it is
the only specific medication for this disease approved in Bra-
zil and by the FDA (Food and Drug Administration).

The safety and efficacy of agalsidase beta therapy have been
proven in several preclinical and clinical studies that are sum-
marized below.

Preclinical Studies

In the 1990s, animal studies in «-Gal A knockout mice
(“Fabry mice”) demonstrated progressive accumulation of
GL-3 in these mice."'”'"® Toannou et al''? administered var-
ious doses of agalsidase-@ (0.3, 1.0, 3.0, and 10 mg/kg) to
Fabry mice and found that GL-3 was cleared from plasma,
liver, heart, and kidneys in a dose-dependent manner. The
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finding of re-accumulation of GL-3 after administration of
a single dose confirmed the necessity of repeated dosing.

Phase I/1l Study

Based on the findings from the preclinical studies, dosing at
0.3, 1.0, and 3.0 mg/kg was investigated in the open-label
Phase /11 clinical trial.'"

One of these 3 doses was given to 15 males with classic
Fabry disease, either every 2 weeks or every 2 days. Plasma
and endothelial tissue GL-3 levels rapidly and significantly re-
duced. The infusions were generally well tolerated, and infu-
sion-associated reactions were found to be less frequent at the
1.0 mg/kg dose as compared with the 3.0 mg/kg dose.

The results confirmed the safety and in vivo activity of agal-
sidase-( and provided the basis for the Phase III trial.

Phase lll Placebo-Controlled Study

For this trial, a biweekly dose of agalsidase beta of 1.0 mg/kg
body wt was chosen because this dose was considered to rep-
resent an optimal balance between risk of infusion-associated
reactions and GL-3 clearance. The double-blind, randomized,
placebo-controlled Phase III clinical trial enrolled 58 patients
(56 males, 2 females) who received either agalsidase-3 or pla-
cebo every 2 weeks for 20 weeks.

Infusions of agalsidase-( at 1 mg/kg resulted in highly sig-
nificant clearance of GL-3 from the renal capillary endothe-
lium with 69% of the agalsidase-treated patients reaching
the 0 end point (no or trace vessel inclusions). Mean heart,
skin, and kidney capillary endothelium scores had decreased
significantly at 20 weeks of therapy.

Agalsidase-@ infusions were generally well tolerated, the
most common adverse events being transient mild to moder-
ate chills and fever. Reduction in the infusion rate and the ad-
dition of preventive medications controlled these reactions.

Phase lll Open-Label Extension Study

All patients from the Phase III study enrolled in the open-la-
bel Phase III extension study."'® Overall, 98% of biopsied pa-
tients achieved a 0 score for vascular endothelium in the
kidney after 6 or 12 months of agalsidase beta therapy.
Zero scores in the heart and skin vasculature were achieved
in 75% and 96% of the patients, respectively. Plasma GL-3
levels rapidly normalized in all patients. Kidney function
as measured by GFR and serum creatinine remained stable.
In addition to GL-3 clearance from endothelial cells in the
kidneys, GL-3 was also cleared from renal interstitial cells
and mesangial cells and from dermal capillary endothelial
cells.”®

The patients had low pain scores at entry into the double-
blind portion of the study, but pain scores (McGill Pain
Questionnaire) improved over time for those who reported
pain at pretreatment.®’

The safety profile during the first 6 months of the open-
label study was similar to that found in the double-blind

SUPPLEMENT

study. Overall, immunoglobulin G seroconversion occurred
in 88% of the treated patients without an apparent effect
on treatment efficacy.''®

After 54 months of agalsidase-@ therapy at 1 mg//kg, sus-
tained renal stabilization was observed.®” The median eGFR,
proteinuria, and serum creatinine levels remained stable and
normal. Renal disease progression was observed in a sub-
group of 6 patients who shared a profile that predisposed
them to progression of renal disease, that is, age >40 years,
high baseline proteinuria, and significant pretreatment glo-
merulosclerosis. The mean rate of decline excluding these
6 patients was —0.4 mL/min per 1.73 m*/y. GL-3 clearance
from plasma, kidney, skin, heart capillary endothelium, and
multiple renal cell types observed in the first years of therapy
HO120.121 yas maintained.

Most patients (90%) had seroconverted, mostly within 3
months of therapy. Immunoglobulin G titers were indepen-
dent of treatment response, as evidenced by the sustained re-
sponses. The majority of patients had a 4-fold or more
reduction in titer from peak measurement, 9 patients dem-
onstrated a plateau, 9 patients had tolerized, and 1 was con-
sidered to be a “low responder.” Of the 2 females, 1 had
tolerized and 1 remained seronegative.

The infusion time could be safely reduced to a mean of ap-
proximately 2.5 hours, and many patients could be trans-
ferred to home therapy.®

Phase IV Clinical Study

The Phase IV, multicenter, double-blind, placebo-controlled
trial enrolled 82 adult patients (representing both sexes) with
mild to moderate kidney disease.'”> The main objective of
this trial was to investigate if agalsidase-8 at 1 mg/kg delays
the onset of (the composite) clinical outcome of renal, car-
diovascular, and cerebrovascular events and death in patients
with advanced Fabry disease. The patients (2:1 treatment-to-
placebo randomization) were followed for up to 35 months
(median, 18.5 months).

Agalsidase-@ therapy substantially reduced the risk of pro-
gression of Fabry disease to (the composite end point of) ma-
jor renal, cardiac, or cerebrovascular events, or death. Risk
reductions of 53% (whole study group, P =.06) and 61% (pa-
tients that followed the protocol, P = .034) were found in
agalsidase-(—treated patients after adjustment for imbalance
in baseline proteinuria.

Subgroup analyses showed that the greatest (and highly
significant) treatment effects were seen in patients who had
milder impairment of renal function at the onset of therapy,
as demonstrated by the 81% event rate reduction in the in-
tention-to-treat group with baseline eGFR >55 mL/min per
1.73 m? after adjustment for imbalance in baseline protein-
uria. Thus, proteinuria proved to be a major risk factor for
developing any event as well as renal events, as has been
recognized before in diabetic nephropathy.

The treatment was generally safe and well tolerated. Three
patients who had positive or inconclusive serum IgE or skin
test results were successfully rechallenged.

Guidelines to Diagnosis and Monitoring of Fabry Disease and Review of Treatment Experiences S27
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Transient mild or moderate infusion-associated reactions
occurred in 55% of treated patients and declined in frequency
over time. Seroconversion occurred in 74% of male patients
and 3 of 8 women.

Pediatric Study

The safety and efficacy of agalsidase-@ therapy at 1 mg/kg in
children were investigated in a 48-week, multicenter, interna-
tional, open-label study enrolling 14 boys and 2 girls with
Fabry disease.'*

GL-3 deposits in superficial vascular endothelial cells in
the skin were completely cleared within 24 weeks, and mod-
erate-to-severe deposits in the deep vascular endothelial
cells were cleared or reduced to mild. Median plasma GL-
3 levels returned to normal within 1 month of therapy
and, at completion of the study, renal function had not
deteriorated.

Reports of gastrointestinal symptoms declined steadily,
and patient diaries documented significant reductions in
school absences. The safety profile in the children was similar
to that in adults; infusion associated reactions mainly in-
cluded rigors, fever, and rhinitis, mostly mild of intensity,
and their frequency decreased over time. Seventy-nine
percent of the boys seroconverted. After the 8th infusion,
the initial slow infusion rate could be incrementally increased
to 2.9 hours.

Other Reports of Therapeutic Outcomes with
Agalsidase-(

Regarding early symptoms, significant improvement in small
nerve fiber function and intradermal vibration receptors with
agalsidase-3 have been reported.'** Gastrointestinal symp-
toms markedly improved in a small group of patients.'*> Ab-
dominal pain and diarrhea improved, gastrointestinal
medications could be terminated, and the patients gained
weight.

In addition to the nearly complete clearance of GL-3 from
the cardiac capillary endothelium in the majority of patients
in the Phase IIT study,”®''® other beneficial cardiac effects
have been reported. Two groups have demonstrated that
agalsidase-@ therapy can reduce LVH and ameliorate left ven-
tricular stiffness and regional myocardial function,”®'*® al-
though positive responses seem to depend on the severity
of cardiac hypertrophy and fibrosis at baseline.'*”

To date, it is not known if agalsidase- therapy can reduce
or prevent the central nervous system-related complications
associated with Fabry disease.

Agalsidase-3 Treatment Recommendations

The late complications of Fabry disease in adults are the main
driver of mortality as well as late morbidity. Data from clin-
ical studies indicate that long-term treatment with agalsidase-
@ at a dose of 1 mg/kg may halt progression of Fabry disease
and reduce the risk of serious complications.®>'?* Therefore,
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we recommend early and incisive treatment of all male adults
diagnosed with Fabry disease with agalsidase-( at 1 mg/kg in
an attempt to stop or delay progression, to prevent renal, car-
diac, or cerebrovascular events, and to improve survival.

In adult females, the decision to initiate agalsidase-@ ther-
apy is more complex because disease presentations and
progression considerably vary. We recommend agalsidase-
G therapy for adult females who have significant symptoms
of Fabry disease or evidence of progression of organ involve-
ment. However, further research is needed regarding the op-
timal time to initiate agalsidase-@ therapy in female patients.

As the natural course of Fabry disease in boys and girls
varies markedly among individuals, no generalizations can
be made about the optimal age at which to begin therapy.
The decision to start, to reverse lipid deposition and to reduce
(or prevent) the peripheral neurologic symptoms, must be
evaluated on a case by case basis by treating physicians.

Experimental Therapies

Therapies for Fabry disease that may become available in the
future include substrate inhibition therapy, enzyme enhance-
ment therapy, and gene therapy.'*® Substrate inhibition
therapy intends to slow the rate of production of GL-3 that
is accumulating as a result of «-Gal A deficiency. Enzyme en-
hancement therapy has been suggested as an approach to ge-
netic diseases resulting from protein misfolding and/or
mistrafficking. Low molecular-weight pharmaceutical chap-
erones might rescue misfolded or unstable proteins. Gene
therapy for Fabry disease is still only in preclinical (animal)
studies, and much research is needed, especially in identify-
ing appropriate vectors and translating gene transfer into
clinical practice.

Conclusions

Fabry disease is a severe, progressive, and multisystemic dis-
ease, with clinical symptoms arising during childhood or ad-
olescence. Progression of Fabry disease is associated with
peripheral neurological symptoms (early symptoms), and
with renal, cardiac, and cerebrovascular events (late serious
complications). The different manifestations reflect disease
progression in different organ systems that need to be as-
sessed and monitored independently. If a patient is diag-
nosed, his or her family should be offered family screening
to identify other previously unrecognized patients at an early
stage of the disease.

The safety and efficacy of agalsidase-G therapy at 1 mg/kg
have been proven in several preclinical and clinical studies
and this treatment should not be withheld from adult male
patients. In females and children, the case by case decision
to initiate agalsidase-$ therapy is less straightforward and
largely depends on presence of significant symptoms and
evidence of progression of organ involvement and must be
evaluated on a case by case basis by treating physicians. m
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